Effects of enzymatic activation on the distribution of fluorescently tagged MMP-2 cleavable peptides in cancer cells and spheroids.
A peptide tagged at the N-terminus with FITC, at the C-terminus with coumarin-343, and incorporating a sequence selectively cleaved by the matrix metalloproteinase, MMP-2, was synthesized to investigate the effect of peptide cleavage on both cellular accumulation and distribution in cancer cell spheroids. The peptide was shown by HPLC and mass spectroscopy to be cleaved in the presence of MMP-2 at the expected site. The cellular and spheroid distribution of each of the fragments was monitored using confocal fluorescence microscopy. The intact peptide had minimal accumulation in 2D-cultured DLD-1 cells that do not express MMP-2 in these conditions. Following addition of serum containing MMP-2 to the cell media, the cleaved C-terminal fragment was seen to enter the cells, while the N-terminal fragment remained extracellular, evidently blocked by the presence of the FITC group. 3D culture of DLD-1 cells as spheroids resulted in measurable MMP-2 activity. Different distribution patterns of the two fluorophores were seen in spheroids treated with the intact peptide, consistent with cleavage occurring. Different rates of accumulation of each of the fragments were observed within the spheroid over time, which is attributed to the extent of accumulation and sequestration of the fragments by cells residing in the periphery of the spheroids. The outcomes suggest that tumor-associated enzymes have the potential to modify the distribution of peptides and peptide fragments in solid tumors by modifying the cellular uptake of those peptides.